When tethered in cis to DNA, the transcriptional corepressor mSin3B inhibits polyomavirus (Py) oridependent DNA replication in vivo. Histone deacetylases (HDACs) appear not to be involved, since tethering class I and class II HDACs in cis does not inhibit replication and treating the cells with trichostatin A does not specifically relieve inhibition by mSin3B. However, the mSin3B L59P mutation that impairs mSin3B interaction with N-CoR/SMRT abrogates inhibition of replication, suggesting the involvement of N-CoR/SMRT. Py large T antigen interacts with mSin3B, suggesting an HDAC-independent mechanism by which mSin3B inhibits DNA replication.
When tethered in cis to DNA, the transcriptional corepressor mSin3B inhibits polyomavirus (Py) oridependent DNA replication in vivo. Histone deacetylases (HDACs) appear not to be involved, since tethering class I and class II HDACs in cis does not inhibit replication and treating the cells with trichostatin A does not specifically relieve inhibition by mSin3B. However, the mSin3B L59P mutation that impairs mSin3B interaction with N-CoR/SMRT abrogates inhibition of replication, suggesting the involvement of N-CoR/SMRT. Py large T antigen interacts with mSin3B, suggesting an HDAC-independent mechanism by which mSin3B inhibits DNA replication.
The mammalian Sin3 (mSin3) transcriptional corepressor is associated with many distinct protein complexes, among which, the mSin3/histone deacetylases (HDAC)/RbAp48 complex is predominant (reviewed in references 4 and 59) . This complex is recruited by unliganded nuclear hormone receptors through N-CoR/SMRT (nuclear receptor corepressor/silencing mediator for retinoid and thyroid receptors) (2, 32, 34, 45, 57, 102) , the methylated CpG-binding protein MeCP2 (40, 58) , Mad/ Max and Mxi/Max heterodimers (71) , p53 (56) , and other proteins (reviewed in reference 15) to repress the transcription of specific targets.
At least two forms of mSin3B are found in mammalian cells due to alternative mRNA splicing: the full-length mSin3B (mSin3B LF ) containing four paired amphipathic ␣-helix (PAH) and a short form mSin3B (mSin3B SF ) containing only the first two PAH domains and lacking the HDAC1/2-interacting domain (2) . HDAC1 and -2 interact with mSin3A (or -B) protein through domains within the C terminus, starting at PAH3 (2, 92) , and HDAC7 interacts with PAH1 of mSin3 (42) , whereas HDAC5, as well as HDAC7, indirectly interacts with mSin3 through N-CoR/SMRT (37, 42) . N-CoR/SMRT also acts as a corepressor in an mSin3-HDAC complex (2, 32, 34, 45, 57, 102) . The L59P substitution in PAH1 impairs interaction with N-CoR/SMRT and partially reduces corepressor activity (2) . Not all active Sin3 complexes require either HDAC activity or even the presence of HDACs (2, 41, 45, 92, 100) .
HDAC-dependent p53-mediated transcriptional repression requires mSin3 (56, 103) . The p53 protein also represses in vitro replication of simian virus 40 (SV40) DNA and polyomavirus (Py) DNA (19, 55, 82, 86) and nuclear DNA replication in the Xenopus egg extracts (14) . Whether or not mSin3 is required for p53 mediated repression of DNA replication is not known.
HDAC complexes recruited by pRB to deacetylate histones and nonhistone proteins important for transcription also contain mSin3 (8, 46, 50, 51) . pRB's control of cell cycle progression and DNA replication depends, at least in part, upon repressing transcription of E2F-regulated genes through both HDAC-dependent and -independent mechanisms (31, 46) . That control of DNA replication by pRB might involve mechanisms besides transcriptional repression is suggested by observations including: (i) interaction of pRB with the replication-licensing factor MCM7 inhibits DNA replication in vitro (79); (ii) association of Drosophila pRB-E2F complex with origin recognition complex (ORC) restricts DNA amplification at the chorion gene replication origin (7, 68) ; and (iii) pRB inhibits Py ori-DNA replication by altering the phosphorylation state of Py large T antigen (PyLT) (65) . Moreover, p107, a pRB-family protein, prevents the assembly of SV40 large T antigen at the origin, and the complex of p107 and SV40 large T antigen is unable to bind to DNA polymerase ␣, thereby inhibiting initiation of SV40 DNA replication (3) .
Together with the recent finding that a subunit of mouse DNA polymerase ε can recruit the Sin3-HDAC corepressor complex to DNA (85), these observations suggest that Sin3-HDAC complexes might function to modulate DNA replication. However, direct roles of mSin3 in replication/origin function have not been examined. Here, we demonstrate that mSin3B strongly represses Py ori-DNA replication, but without a detectable requirement for HDACs. Rather, mSin3B and its mutants bind to PyLT in vivo, suggesting an HDAC-independent mechanism for inhibiting DNA replication.
GHDAC2, pGalHDAC3 for GalHDAC3, pCMX-GalHDAC5 for GHDAC5, pCMX-GalHDAC7 for GalHDAC7, pCMX-GalNCoR-RD1 for GRD1, and pCMX-GalSMRT-RD3 for GRD3. Expression vectors for Gal4 fusion mouse Sin3B were described previously (2) . Expression vectors for class I human HDACs (HDAC1 and -2) were described elsewhere (95) . Original expression vectors for class II mouse HDACs (HDAC5 and -7) and pMH100-TK-Luc were kindly provided by R. M. Evans (18) . The original expression vectors for GRD1 and GRD3 have been described (37) . The Py origin was removed from the original pCMX-backboned vectors to prevent competition for replication proteins with test plasmids in in vivo DNA replication assays.
In vivo replication assays. NIH 3T3 cells were seeded in 12-well plates (1.5 ϫ 10 5 cells/well), and incubated overnight at 37°C. Cells were transfected by using Lipofectamine PLUS (Invitrogen) with expression plasmids (0.2 g) for Gal4 fusion proteins and a test plasmid pBSPyGal4 (0.2 g) containing the Py ori-core flanked by five Gal4-binding sites or pBSPy⌬E (0.2 g) containing only the Py ori-core (Fig. 1A) . PyLT required for replication was provided by cotransfected pMKSO11 (0.08 g). The total amount of DNA (0.48 g) was kept constant by adding vector DNA if necessary. After incubation of the cells with a DNALipofectamine PLUS mix for 4 to 5 h in 400 l of serum-free Dulbecco modified Eagle medium (DMEM), the transfection solution was replaced with 1 ml of DMEM containing 10% fetal bovine serum.
Similarly, FOP cells (1.5 ϫ 10 6 cells/well), a mouse mammary carcinoma cell line that constitutively expresses PyLT (5), were transfected by using Lipofectamine (Invitrogen) with expression plasmids (0.5 g) for Gal4 fusion proteins and a test plasmid pBSPyGal4 (0.2 g) or pBSPy⌬E (0.2 g) in 12-well plates. Expression of additional PyLT was achieved by cotransfection with pMKSO11 (0.5 g). After the cells were incubated with DNA (1.2 g)-Lipofectamine mix for 6 h in 350 l of serum-free DMEM, 800 l of DMEM containing 10% fetal bovine serum was added.
The medium was changed at 12 h, and cells were incubated for another 24 h. Trichostatin A (TSA; Sigma, prepared as a 1-mg/ml solution in dimethyl sulfoxide), an HDAC inhibitor (98) , was added to the medium to 100 ng/ml at 24 h after transfection, as indicated. DNAs were isolated by the Hirt procedure (36), digested with RNase A (0.2 g/l) and with EcoRI and HindIII to linearize plasmids, and with DpnI in the presence of 200 mM NaCl to distinguish methylated (input) DNA from unmethylated DNA replicated in animal cells (62, 69) . The replicated DpnI-resistant DNA was resolved from DpnI-digested DNA by electrophoresis in an 0.8% agarose gel, transferred to a nylon membrane, and detected by Southern blotting with probes generated from the test plasmid, labeled, and visualized by the North2South detection kit (Pierce). Transfection efficiencies were normalized by using DpnI-digested input nonreplicated test DNA. For analysis of protein expression, an identical set of transfections was performed, except without test plasmids. Cells were lysed with single-detergent lysis buffer ( Luciferase reporter assays. NIH 3T3 and FOP cells were transiently transfected as described above with expression plasmids for Gal4 fusion proteins, a reporter plasmid pMH100-TK-Luc ( Fig. 2A) , and an expression plasmid pRL-CMV (Promega; Fig. 2A) for Renilla luciferase as an internal control. TSA (100 ng/ml) was added to the medium at 24 h after transfection as indicated. At 40 to 48 h after transfection, extracts were prepared by using passive lysis buffer (Promega), and the luciferase activities were assayed according to the protocol from the dual-luciferase reporter assay system (Promega). Luciferase activities were normalized with Renilla luciferase activities. All transfections were repeated at least three times. Luciferase activities were calculated relative to the basal activity of a transfected Gal4 DNA-binding domain (pcDNA3Gal4DB) set as 1, and the fold repression was determined as the reciprocal of each relative luciferase activity. Results were represented as the means and standard deviations of the fold repression from triplicates in each independent experiment. For analysis of protein expression, portions of the whole-cell extracts were resolved by SDS-PAGE and expression of Gal4 fusion proteins was detected by Western blotting with anti-GalDB monoclonal antibody sc-510.
ChIP assays. Characterization of TSPy5 chromatin by microccocal nuclease (MNase) was performed as described by Kingston (44) . TSPy5 ( Fig. 5A ) is an SV40 virus whose genome includes the Py ori-core and flanking five Gal4-binding sites (93) . Accessibility of the Py ori-core in TSPy5 chromatin was analyzed by digestion with excess restriction endonucleases as described by Hermansen et al. (35) . Chromatin immunoprecipitation (ChIP) assays were performed as described elsewhere (93) . Briefly, Cos7 cells were infected for 1 h with SV40 virus containing TSPy5 DNA and then transfected with an expression plasmid (8 g) for Gal4 fusion proteins by using Lipofectamine 2000 (Invitrogen). Aphidicolin (Sigma; 10 g/ml), a DNA polymerase inhibitor (26) was added to the medium to block DNA replication 16 h after transfection. After 24 h of additional incubation, cells were cross-linked with 11% formaldehyde cross-linking solution. Cross-linking was stopped by the addition of 0.55 ml of 2.5 M glycine, and the cells were scraped and collected by centrifugation and then washed twice with ice-cold phosphate-buffered saline plus 0.5 mM PMSF and resuspended in 120 l of 5 mM PIPES (pH 8.0), 85 mM KCl, 0.5% NP-40, 0.5 mM PMSF, and 1ϫ Complete protease inhibitors for 20 min on ice. The lysates were sonicated by using a Vibra-Sonicator and then digested for 10 min by MNase (0.5 U/l) at room temperature to reduce the DNA length to between 200 and 1,000 bp. Debris was removed by centrifugation for 10 min at 16,000 ϫ g at 4°C, and the supernatant was diluted in 1.2 ml of IP buffer (0.01% SDS; 1.1% Triton X-100; 1.2 mM EDTA; 16.7 mM Tris-HCl, pH 8.1; 16.7 mM NaCl; 1 mM PMSF; and 1ϫ Complete protease inhibitors). The chromatin solution was precleared with 50 to 80 l of a 50% protein A-Sepharose (Sigma) slurry containing 0.2 g of sonicated salmon sperm DNA/l and 0.5 g of bovine serum albumin/l in TE (10 mM Tris; 1 mM EDTA, pH 8.0; 0.05% sodium azide) for 30 min at 4°C with agitation. Sepharose beads were pelleted at 12,000 ϫ g for 5 min, and 500 l of supernatant was immunoprecipitated with 5 g of anti-acetyl histone H3 and H4 polyclonal antibodies (Upstate) each for 12 h at 4°C with rotation. A portion of the supernatant (50 l) was kept as an input chromatin control. Immune complexes were collected with 60 l of 50% protein A-Sepharose slurry containing 0.2 g of sonicated salmon sperm DNA/l and 0.5 g of BSA/l in TE buffer for 1 h at 4°C with rotation. Beads were pelleted by centrifugation and washed five times with washing buffers. Immune complexes were eluted by two washes with 250 l of elution buffer (1% SDS, 0.1 M NaHCO 3 ). Then, 5 M NaCl (20 l) was added to the combined eluates, and cross-links, including the input chromatin control, were reversed by incubation at 65°C for at least 4 h. Proteinase K (2 l of 10 mg/ml) was added to the eluate and incubated for 1 h at 45°C. DNA was recovered by phenol-chloroform extraction and ethanol precipitation with 20 g of glycogen as a carrier, denatured in 100 l of denaturation solution (1.5 M NaCl, 0.5 M NaOH), and transferred onto nylon membranes by using a slot blot apparatus. Sequences from immunoprecipitated and input control DNAs were detected by using North2South detection kit with Py ori probe generated from the BamHI-MluI small fragment of TSPy5 and SV40 ori probe generated from BglI-NgoMI small fragment of TSPy5 (Fig. 5A ).
Coimmunoprecipitation and Western blot analysis. NIH 3T3 cells (ca. 2.5 ϫ 10 6 ) were transfected with expression vectors for Gal4 fusion proteins by using Lipofectamine PLUS in a 100-mm plate. After 36 h, the cells were extracted with 500 l of single-detergent lysis buffer for 1 h at 4°C, and lysates were cleared by centrifugation twice at 13,000 ϫ g for 10 min each. After we obtained 10 l for The fold repression from three independent transfection assays is shown as the mean Ϯ standard deviation. The fold repression for each protein is relative to that for GalDB alone, set as 1. The fold derepression for each protein, calculated as the ratio of luciferase expression with TSA treatment to that without TSA, is also shown as the average of values from three independent transfection assays.
a protein input control, we incubated the remaining supernatants with 10 g of rabbit anti-GalDB polyclonal antibody sc-577 (Santa Cruz, Inc.) overnight at 4°C and collected the immune complexes by adding 80 l of protein A-Sepharose beads and incubating samples for 2 h at 4°C, followed by five washes with wash buffer (50 mM Tris-Cl [pH 8.0], 1 mM EDTA, 150 mM NaCl, 1% NP-40, 4 mM NaF, 2 mM sodium orthovanadate). After the fifth wash, pelleted beads were suspended in 40 l of 1ϫ SDS sample buffer (50 mM Tris-HCl [pH 6.8], 100 mM dithiothreitol, 4% SDS, 0.1% bromophenol blue, 10% [vol/vol] glycerol) boiled for 10 min and centrifuged at 13,000 ϫ g for 10 min. Samples of 20 l of the supernatant were removed for SDS-PAGE. After SDS-PAGE and the transfer to polyvinylidene difluoride membrane, the bound T antigen was detected with mouse KF4 antibody (61) by Western blot analysis. For estimation of Gal4 fusion protein and PyLT expression, 20 l of the whole-cell extract was resolved by SDS-PAGE and detected by Western blotting with anti-GalDB polyclonal antibody sc-577 and KF4, respectively, and subsequently incubated with secondary antibody conjugated with horseradish peroxidase, followed by chemiluminescence detection.
RESULTS

Inhibition of Py ori-dependent DNA replication by mSin3B.
Py ori-dependent DNA replication in the absence of an active enhancer and stimulatory enhancer-binding proteins requires the expression of very high amounts of PyLT to promote its efficient binding to the origin (30; W. J. Tang and W. R. Folk, unpublished data). In both FOP cells (that constitutively express PyLT) and NIH 3T3 cells, high-level expression of PyLT by pMKSO11 supports replication of pBSPyGal or pBSPy⌬E (Fig. 1A) without the need of the enhancer or stimulatory enhancer binding proteins (Fig. 1C, lanes 1, 3, 8, 13, and 18) . However, coexpression in these cells of either mSin3B LF or mSin3B SF as Gal4 fusion proteins (Fig. 1B) inhibited replication of pBSPyGal but not pBSPy⌬E, which lacks Gal4-binding sites (Fig. 1C and D) . The L59P mutation (i.e., GSin3B LF pro and GSin3B SF pro ) that blocks interaction between mSin3B and N-CoR/SMRT (2) impaired or abolished the inhibitory effect, and for GSin3B SF pro even slightly stimulated DNA replication (Fig. 1C and D) .
Western blot analysis demonstrated nearly equivalent levels of expression of both mSin3B LF or mSin3B SF and the L59P mutants in NIH 3T3 cells (Fig. 1E ), but their expression was not detected in FOP cells, possibly due to low transfection efficiency or protein instability.
The Gal4 mSin3B protein repressed expression of the firefly luciferase reporter gene in pMH100-TK-Luc ( Fig. 2A 
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GSin3B SF pro ) was reduced to some extent (Fig. 2B) , indicating that these proteins are active transcriptional corepressors when expressed in FOP and NIH 3T3 cells.
Inhibition of Py ori-DNA replication by mSin3 does not require HDACs. Treatment with inhibitors of HDACs, such as sodium butyrate or TSA, induces arrest of the cell cycle at the G 1 checkpoint (43, 73; reviewed in references 81 and 99) and globally inhibits Py ori-DNA replication (73) in FOP cells (Fig.  3A) . TSA treatment did not specifically relieve repression by mSin3B proteins of Py ori-DNA replication in either FOP or NIH 3T3 cells (Fig. 3A and B) . These data suggest that HDACs are not involved in the inhibition of Py ori-DNA replication by mSin3B. In NIH 3T3 cells, mSin3B LF , mSin3B SF and mSin3B SF pro repression of luciferase expression was modestly relieved by TSA, which also reduced repression by HDAC5 (Fig. 3C) .
To further assess whether HDACs contribute to the inhibition of Py ori-core DNA replication by mSin3B, Gal4 fusion HDACs were tethered near the Py ori-core and replication measured. Neither class I histone deacetylases (HDAC1 and HDAC2) nor class II histone deacetylases (HDAC5 and HDAC7) tethered near the Py origin inhibited Py DNA replication in FOP and NIH 3T3 cells (Fig. 4A) . These Gal4 fusion HDACs were expressed in NIH 3T3 cells (Fig. 4B ), but their expression was not detected in FOP cells (data not shown). Furthermore, these proteins repressed gene expression of the firefly luciferase reporter in FOP and NIH 3T3 cells (Fig. 4C) .
To directly address whether deacetylation around the Py ori-core is involved in inhibition of Py DNA replication by mSin3B, ChIP assays were performed with an SV40 virus whose genome contained the Py origin sequences (TSPy5, Fig.  5A ). MNase digestion of extracts of TSPy5 virus-infected Cos7 cells has indicated that the TSPy5 genome is assembled into chromatin, and restriction enzyme analyses of TSPy5 minichromosomes have revealed that the Py ori-core region is occupied by nucleosomes (data not shown).
To validate ChIP assays as a means to study TSPy5 chromatin acetylation, we analyzed whether TSA treatment of Cos7 cells infected with TSPy5 viruses changed the acetylation status of TSPy5 chromatin. HDAC inhibitors such as TSA cause hyperacetylation of core histones (especially H4) in cellular chromatin (reviewed in references 81 and 99) and SV40 minichromosomes (1) . ChIP assays with probes for Py ori-core and SV40 ori demonstrated that the acetylation of H4 was increased by 2.6-fold, and acetylation of H3 slightly increased in TSPy5 minichromosomes extracted from TSA-treated cells, In contrast, we did not detect changes in H3 or H4 acetylation when either Gal4 mSin3B or its variants were introduced into Cos7 cells together with TSPy5 ( Fig. 5D and E) . Expression of these Gal4 chimeras was confirmed by Western slot blot analysis (data not shown). These results indicate that histone deacetylases active in FOP and NIH 3T3 cells have no direct effect on Py ori-core DNA replication and suggest that mSin3B inhibits DNA replication via alternative mechanisms. mSin3B binds PyLT. As mSin3B inhibits Py ori-core DNA replication in an HDAC-independent manner, a likely alternative mechanism is its interacting with key replication proteins to modify their activities. To assess whether mSin3B interacts with PyLT, NIH 3T3 cells were cotransfected with expression plasmids for PyLT and Gal4 fusion proteins, and cell lysates were immunoprecipitated with anti-GalDB antibody, fractionated by SDS-PAGE, and immunoblotted with anti-T antisera. PyLT associated with all four forms of Gal4 mSin3B protein, but not with GalDB alone (Fig. 6, top panel) . Expression of PyLT and Gal4 fusion proteins was comparable (Fig. 6 , middle and bottom panels).
This interaction is possibly required for mSin3B to inhibit PyLT and thus DNA replication. Since mSin3B SF pro also interacts with PyLT but slightly promotes Py ori-core DNA replication, additional components such as N-CoR/SMRT might be needed for mSin3B to inhibit PyLT function in replication.
DISCUSSION
Transcription factors bound to the enhancer adjacent to the Py ori-core can both activate and repress transcription, and mSin3B complexes are likely to be required for the latter. For example, resistance of F9 undifferentiated embryonal carcinoma cells to Py infection has been suggested to be due to a cell-specific transcriptional repressor bound to the enhancer (70, 77, 89) . YY1/NF-D and c/EBP, which have binding sites within the Py enhancer (11, 52, 53) , function as both activators and repressors of transcription (52, 63, 72, 75) . c-Ets-1 can abolish c-Jun-stimulated transcription in a construct containing the PEA3/AP1 element of the Py enhancer (27) . PEA2 and PEA3 have repressor-like activities on late transcription under nonreplicating conditions (76) . Py tumor antigens also may repress early gene expression at late times (20) and late gene expression at early times (9) . Many members of protein families that bind the Py enhancer have been found to interact with Sin3-HDAC corepressor complex (94, 96) .
What functions might these repressor activities play in the viral life cycle? The repressor activities of transcription factors may participate in the early to late switch of transcription in the lytic cycles of Py and SV40 (49, 91) : when late gene expression is activated, repressor complexes might be disassociated from transcription factors and replaced by activator complexes containing histone acetyltransferase activities. This might be achieved by titration through replicating viral DNA (49, 91, 97) or by direct modification of transcription factors or repressor complexes through middle T-and/or small t-mediated signaling (13) . Similar control may be exerted upon DNA replication during the viral life cycle. DNA replication of many small DNA tumor viruses switches from a uniquely theta mode to rolling-circle replication, perhaps to improve replication efficiency (6, 16, 22, 64) and to enhance late RNA synthesis (12) . Inhibition of initiation at the viral origin for theta mode replication by repressors such as mSin3B might facilitate such switching. Also, inhibition of theta mode replication, along with availability of replication and maturation proteins, is likely to facilitate the removal of viral DNA from pools susceptible to rereplication and thus promote the initiation of virion assembly (66, 67, 87, 88) .
The following observations indicate that mSin3B inhibits Py ori-core DNA replication when tethered adjacent to the origin, and the inhibition is HDAC independent: (i) mSin3B SF lacking the ability to bind class I histone deacetylases HDAC1 and -2 inhibits Py ori-core DNA replication; (ii) TSA, a specific HDAC inhibitor, does not specifically relieve inhibition of Py ori-core DNA replication by mSin3B; (iii) direct tethering of HDACs (HDAC1, -2, -5, and -7) near the Py origin has no effect on Py ori-core DNA replication; (v) no significant deacetylation around the Py ori-core is detected in cells expressing Gal4 fusion mSin3B; and (iv) SMRT repressive domain 3 (RD3), which requires HDAC4/5/7's interaction to repress transcription (37), did not inhibit Py ori-core DNA replication (data not shown).
The mSin3B interaction with PyLT provides a possible mechanism for the inhibition of Py ori-core DNA replication. That the mSin3BL59P mutation, which impairs the interaction with the corepressor N-CoR/SMRT (2), abolishes mSin3B inhibition of Py ori-core DNA replication suggests participation of N-CoR/SMRT in this inhibition. The slight stimulation of Py ori-DNA replication by mSin3B SF pro might be explained by its capacity to interact with PyLT and thereby recruit LT to the origin, as occurs with c-Jun and VP16 (30, 33, 39 ; O. Kenzior, B. Ulmasov, and W. R. Folk, unpublished data). Although N-CoR/SMRT directly interacts with HDAC3 (28, 29, 48, 90) and class II histone deacetylases HDAC4/5/7 (37, 42) , it is likely that other non-HDAC proteins, including N-CoR/ SMRT, may be recruited by mSin3B to inhibit PyLT function in DNA replication (Fig. 7) .
We recognize that negative evidence that HDAC proteins are not involved in repression of Py replication cannot be conclusive. Acetylation of PyLT appears to be important for DNA replication (93) , and hence, a novel or TSA-resistant HDAC activity that deacetylates PyLT might be involved in the repression we have observed here. Biochemical fractionation of the Sin3 complexes and use of acetylated LT as a substrate might reveal such activities.
HDACs are components of heterochromatin (38, 47, 78) . Together with other heterochromatin proteins that associate with ORC subunits (23, 24, 60, 74, 84) , they may help establish repressive heterochromatin structures around cellular origins and thus determine the timing of initiation (17, 21, 25, 54, 80) ; for example, Sir4, a major component of heterochromatin, when tethered near a yeast origin by Gal4 binding sites, delays the initiation of this origin (101) . It is possible that mSin3B repression of DNA replication might also function in the selection of cellular origins and the determination of late firing or silent cellular origins. The mSin3B inhibition of Py ori-DNA replication might thus serve as model for repressors utilized to assist selection of initiation sites and replication timing in response to specific cellular signals in eukaryotes. 
